The context of specific criteria for the recognition of occupational diseases (ODs) due to physical agents in the Enforcement Decree of the Industrial Accident Compensation Insurance Act (ED-IACIA) and the Labor Standard Act (LSA) does not describe definite disease along with the agents but listed symptoms or obscure clinical conditions. Moreover, the needs for an amendment of these Acts have recently attracted renewed interest. To establish agreed criteria for compensable ODs due to physical agents, we reviewed the criteria for recognizing ODs on the basis of International Labor Organization (ILO) documents and European Union (EU) guideline. After providing a brief review of the history of OD outbreaks due to physical exposure in South Korea and the responses to them, we describe the basis for the recent amendments to the IACI Act and LSA and assess their appropriateness. On the basis of these findings, this study could be helpful for determining and compensating process of ODs. However, further work is required to ascertain the scientific relationship between diseases caused by physical agents and the exposure criteria.
INTRODUCTION
In general, physical agents workers are exposed to include noise, vibration, radiation (ionizing and non-ionizing), pressure (compressed or decompressed), and extreme temperature. The health effects and target organs of these agents vary greatly with their nature. In contrast to other factors, we cannot detect these agents by sensory organs such as the eyes, nose, and taste buds. Therefore, a variety of scientific disciplines, detection techniques, and instruments as well as adequately trained and experienced persons are needed for measurement (1). Moreover, because of wide variations in individual susceptibility, exposure to an individual may result in annoyance, aggravation of a pre-existing condition, or physiological damage. In Korea, the legal system for workers' compensation is a top priority in the social security system. Occupational diseases (ODs) are covered by the workers' compensation system; however, the system still can miss many unclaimed or unrecognized cases (2) . In addition, there exists some controversy on the approval of ODs caused by physical agents.
At this point, the agreed criteria for compensating for ODs will help in ensuring consistency in clinical decisions, and contribute to the management of individual cases and the prevention of disease in occupationally-exposed groups.
MATERIALS AND METHODS
The authors reviewed the scope of compensable ODs in the Enforcement Decree of the LSA (ED-LSA) and the specific recognition criteria for ODs in the Enforcement Decree of the IACI Act (ED-IACIA), since the two acts are closely related. They excluded diseases due to accidents, and pneumoconiosis, to which special regulations apply. The International Labor Organization (ILO) list of ODs was reviewed in detail, cases in some other countries and their lists of ODs were referred to. To identify the newly identified risk factors and ODs, cases investigated by the Korea Occupational Safety and Health Agency (KOSHA) and Occupational Lung Diseases Institute of the Korea Workers' Compensation and Welfare Service (OLDS of KCOMWEL), those recognized as work-related, official domestic exposure status, and the recent scientific literature were reviewed, and opinion was invited from the occupational medicine professions. Based on these data, the risk factors and established causal relationships of ODs were listed; however, this required revision of the scope and the recognition criteria in light of the domestic exposure conditions. In addition the directions for the revision of the scope, criteria, and systematization of ODs in Korea were specified. All the above mentioned procedures for amending the specific recognition criteria for ODs in ED-IACIA and ED-LSA are described in Song et al. (3) .
RESULTS
History and present condition of occupational diseases caused by physical agents Noise-induced hearing loss (NIHL) is the second common OD. Since 1991, annually 200-300 cases of NIHL are compensated, including sudden hearing loss. Hand-arm vibration syndromes (HAVS) have been reported in workers using grinders that produced hand-transmitted vibrations. Approximately, 15 cases of HAVS are compensated in a year. Heat related diseases such as heat stroke were also reported. Diseases caused by compressed and decompressed air have been continuously reported (4, 5) . Radiation-related diseases such as leukemia were reported recently; these cases of radiation exposures were attributed to the use of non-destructive examinations (6) ( Table 1) .
Present criteria of work-related diseases caused by physical agents

Noise-induced hearing loss (NIHL)
NIHL is compensated as a work-related disease by the Industrial Accident Compensation Insurance (IACI) Act. The compensation criteria are as follows: 1) workers should have been working or have a history of working in workplaces with continuous noise of more than 85 dB for more than 3 yr, 2) the hearing loss should be of the sensorineural type and the average of the threshold calculation formula (hearing threshold of 500 Hz+ 2*1,000 Hz+ 2*2,000 Hz+ 4,000 Hz)/6 should be more than 40 dB for at least one ear, 3) Workers' symptoms should meet the following requirements: a) no obvious lesions in the eardrum or middle ear; b) no obvious difference between air and bone conduction hearing threshold on pure tone audiometry, and a high-frequency hearing loss higher than the low-frequency; 3) hearing loss that is not caused by labyrinthitis, drug addiction, febrile diseases, Meniere's syndrome, syphilis, head trauma, sudden hearing loss, genetic hearing loss, familial hearing loss, senile deafness, or accidental blasts.
Hand-arm vibration syndrome (HAVS)
The compensation criteria for HAVS are as follows: 1) workers who have been working or have a history of working in workplaces with vibration-transmitting tools such as air rock drills and chain saws; and 2) workers who have the necessary conditions (symptoms or signs) from the followings: a) temporary or continuous subjective symptoms such as numbness, pain, cold sensation, and stiffness in the finger or the wrist; and at least one of the following disorders that manifest in the finger or the wrist: i) vascular symptoms, ii) sensorineural symptoms, iii) musculoskeletal symptoms; and b) Raynaud's phenomenon.
Diseases caused by atmospheric compression or decompression
In workers who were exposed to compressed atmosphere such as underwater work environment and caissons, or exposed to a pressure below that of the ground level, if there are any of following disorders (symptoms or signs) they could be considered to have work-related disease; 1) disorders that appear from 6 to 12 hr after exposure to compressed or decompressed conditions: barotraumas of the lungs, middle ear, sinuses, and teeth; barotraumas due to SCUBA; nitrogen narcosis or oxygen toxicity of the central nerve system (CNS); dysbaric disorders of the skin, musculoskeletal system, respiratory system, CNS, or inner ear; air embolism in the cerebral or coronary artery; pneumothorax, hemothorax, or formication in the pericardium or subcutaneous area; pain on the back or abdomen, severe fatigue. 2) dysbaric osteonecrosis that appears in workers have been working for more than 2 months or have a history of working in workplaces with dysbaric conditions. Further, the osteonecrosis should not have been caused by chronic alcoholism, syphilis, diabetes, liver cirrhosis, hepatitis, rheumatic arthritis, dyslipidemia, thrombocytopenia, gout, Raynaud's syndrome, polyarteritis nodosa, alkaptonurea, and medicine.
Other diseases caused by physical agents
If workers who were exposed to the following physical agents in the workplace have any of the following disorders (symptoms or signs), they could be considered to have work-related disease: 1) facial disorders or skin diseases due to work-related exposure to ultraviolet radiation; 2) ocular disorders such as retinal burn and cataract due to work-related exposure to infrared radiation; 3) ocular disorders such as retinal burn or skin disorders due to work-related exposure to a LASER; 4) ocular disorders such as cataract due to work-related exposure to microwave; 5) diseases caused by work-related exposure to ionizing radiation, such as: radiation skin disorders (acute radio-epidermatitis and skin ulcers), radiation ocular disease (cataract), radiation pneumonitis, hematopoietic disorder (aplastic anemia), and bone necrosis; 6) heat stroke due to work in a warm or hot workplace; 7) skin burn (above 2nd degree) caused by dealing with hot materials; and 8) frostbite (above 2nd degree) caused by dealing with cold materials or work in the cold workplace.
Problems with the present criteria and suggested revisions
The present criteria for diseases relevant to physical agents are classified by working fields or conditions exposing the worker to each agent. Moreover, the context does not describe definite diseases along with these agents but lists symptoms or obscure clinical conditions. Annexure 3 describes only seven kinds of hazard factors (ultraviolet, infrared, LASER, microwave, hazardous radiation, hot or cold workplace, and tasks dealing with hot or cold objects). Meanwhile, other diseases caused by physical agents such as compressed or decompressed air, noise, and vibration are listed separately in another annexure. However, the listed diseases or symptoms relevant to physical agents are obscure or unclear.
The objectives of this review are to update the existing physical agents and to clarify the diseases relevant to these agents. For this purpose, we adapt the definition of OD and two main elements from ILO: the term "occupational disease" covers any disease contracted as a result of an exposure to risk factors arising from work activity; the "main elements" are 1) the causal relationship between exposure in a specific working environment or work activity and a specific disease; and 2) the fact that the disease occurs among a group of exposed persons with a frequency above the average morbidity of the rest of the population.
Revision process and outcomes
The practical updating process of these criteria are as followings: 1) most cases of compressed or decompressed air, noise, and vibration to be kept on the existed classification and diagnostic criteria; 2) ultraviolet, infrared, LASER, and microwave rays are reclassified as non-ionizing radiation; 3) hazardous radiation is changed into ionizing radiation; and 4) a hot or cold workplace, and tasks dealing with hot or cold objects changed into exposure to extreme temperature. Moreover, we reconstruct the diagnostic criteria of ODs on the basis of the EU guideline (Table 2) .
Further, we aim to consider the exposure context as follows: 1) the minimum level of exposure that is required to cause a disease; 2) the shortest exposure period for which a disease can occur; 3) the length of time from the cessation of exposure; and 4) the shortest period from the beginning of exposure to the beginning of disease. Exposure to physical agents is repeated and continued in the workplace, and the latent period (number 3) may not include the period of exposure to some of these agents.
All the diseases listed below and believed to be of an occupational origin are described on the basis of a causal relationship, connection with a specific work environment, and scientific evidence. The list consists of the revised physical agents, exposure sources, and the related diseases to meet the general criteria for identification as an OD (Table 3) .
DISCUSSION
The objective of this study was to review the present compensation criteria and to update them. Most of the diseases caused by physical agents mentioned in the IACI Act lacked evidence for the approval of diagnosis and the exposure criteria. Therefore, we suggest clarifying the diseases and the revising exposure criteria. During the revision, we mainly referred to the "List of occupational diseases" of the ILO and "Information notices on occupational diseases: A guide to diagnosis" of the European Commission (7, 8). The symptoms and signs should fit, and this may be supported in some cases by suitable diagnostic tests.
2 There must be indication of sufficient occupational exposure.
Evidence on exposure may be obtained through taking the occupational history, results of occupational hygiene measurements taken at the workplace, biological monitoring results, and/or records of incidents of over-exposure. 3 The time interval between exposure and effect must be consistent with what is known about the natural history and progress of the disease.
Exposure must precede health effects. However, in some conditions such as occupational asthma, a past history of childhood asthma and/or asthmatic attacks occurring before occupational exposure, does not automatically rule out the possibility of a workplace agent causing subsequent asthmatic attacks. 4 The differential diagnosis must be considered.
There are non-occupational conditions that have similar clinical features as occupational diseases, and a physician will have to take this into account before diagnosing or excluding an occupational disease. Diseases such as hearing impairment caused by noise, vibration (disorders of muscles, tendons, bones, joints, peripheral blood vessels or peripheral nerves), and compressed or decompressed air mentioned in the present IACI Act were relatively well described. Therefore, we added the exposure criteria and several diseases relevant to physical agents.
According to the ILO document, "Diseases caused by physical agents" are as follows: 1) hearing impairment caused by noise, 2) diseases caused by vibration (disorders of muscles, tendons, bones, joints, peripheral blood vessels or peripheral nerves), 3) diseases caused by compressed or decompressed air, 4) diseases caused by ionizing radiations, 5) diseases caused by optical (ultraviolet, visible light, infrared) radiations including laser, and 6) diseases caused by exposure to extreme temperatures. Further, if the exact relationship of the diseases with physical agents could not be define, the principle of all-inclusiveness on the basis of scientific evidence was adapted. Hence, the document included an additional item, 7) diseases caused by other physical agents at work, not mentioned in the preceding items where a direct link was established scientifically, or determined by methods appropriate to national conditions and practice, between the exposure to these physical agents arising from workrelated activities and the disease(s) contracted by the worker.
This study described the detailed exposure criteria as well as specific physical agents and the relevant diseases. However, an issue that was raised but remained unsolved was whether new diseases caused by physical agents could be included or not. In the case of "diseases due to radiofrequency radiations", there was a lack of medical knowledge about the effects of such exposures and difficulties in diagnosis although the discussion focused on the scientific basis. With the current controversy over risks from electromagnetic fields (EMF), several experts mentioned the proven thermal effects of such radiation, which resulted in tissue damage in humans such as cataracts and other diseases such as male infertility. However, it was pointed out that this would exclude diseases that may be caused by nonthermal effects of radiofrequency radiations. For the diseases caused by non-ionizing radiation (ultraviolet, visible light, or infrared), there were concerns about the practical difficulties of distinguishing between occupational and non-occupational exposure. If a worker developed malignant melanoma, for example, it would be impossible to rule out the harm from natural radiation while on vacation in assessing the risk of occupational exposure. In the cases of diseases caused by extreme temperature (hot and cold conditions), further clarification of the term "extreme temperature" that take into account dryness, humidity, radiation, airflow and duration of exposure was required.
We believe that this revision will be helpful in determining the compensation process for ODs. However, further work is required to ascertain the scientific relationship between diseases caused by physical agents and the exposure criteria.
